Pothoulakis C. Substance P promotes expansion of human mesenteric preadipocytes through proliferative and antiapoptotic pathways.
now well established (43) . Participation of WAT in these processes, together with epidemiological data, supports an important role for fat mass and body fat distribution in several chronic inflammatory conditions, including obesity, atherosclerosis, and inflammatory bowel disease (IBD) (20, 38, 43) . However, despite evidence indicating the significance of adipocyte tissue enlargement in inflammatory states, the processes underlying changes in fat tissue size in relation to inflammation remain largely unknown (25) .
Each adipose depot consists of a combination of preadipocytes, mature adipocytes, blood vessels, lymph nodes, macrophages, and nerves with the main cellular components being adipocytes (14, 30) . The cellular changes associated with adipose tissue growth involve fat depot hypertrophy (increased cell size) and hyperplasia (increased cell number) (5) . Increases in fat cell size lead to the production of paracrine factors that increase preadipocyte proliferation (25) . Hyperplastic fat expansion, however, has more important consequences than hypertrophic expansion because hyperplastic adipose tissue is associated with the most severe forms of obesity and the poorest prognosis for treatment (6) . Regarding the intestine, fat wrapping and hypertrophy of the bowel represent hallmarks of Crohn's disease (CD). Indeed, fat tissue hyperplasia is well correlated with the extent of transmural inflammation (1, 26, 31) and is used as a guide to identify inflamed bowel segments radiographically and during surgery.
Although not extensively studied, several factors appear to influence preadipocyte proliferation (46) . Present evidence suggests that proliferation of cells within adipose tissue might be influenced both by circulating factors and neuronal inputs as well as by paracrine/autocrine factors secreted from the various cell types within adipose tissue (25) . Neural inputs to fat cells, which vary from site to site, may contribute to regional variation in the metabolic and developmental characteristics of different fat depots (25) . Adipose tissue has both sensory and sympathetic innervation. Sensory innervation was initially suggested by the identification of the neuropeptide substance P (SP) in fat depots (21, 22, 25) and has been suggested to play a role in trophic responses of brown adipose tissue (12, 13) . Desensitization of sensory neurons induced by systemic administration of capsaicin results in reduced adiposity, reflected as decreased epididymal and retroperitoneal fat pad mass and cell number (11) . Whether this trophic influence is attributable to direct effects of SP, a major constituent of capsaicin-sensitive sensory neurons, on adipocyte-related proliferative pathways has never been studied.
SP, an 11-amino-acid neuropeptide, is released from enteric nerves, sensory neurons, and inflammatory cells of the lamina propria during intestinal inflammation (34) . Conversely, SP activates nerves, epithelial cells, and a variety of immune and inflammatory cells, leading to the release of cytokines, chemokines, and other neuropeptides that modulate diarrhea, inflammation, and motility changes associated with several intestinal disease states, including IBD (34) . SP mediates the development and progression of intestinal inflammation by binding to its high-affinity receptor, the neurokinin 1 receptor (NK-1R) (9, 44) . Our laboratory has shown that SP-NK-1R interactions play a dual role in the development and maintenance of colonic inflammation. Thus NK-1R-deficient mice are protected during the acute phase of colitis yet exhibit an enhanced inflammatory response during chronic colitis (8) . SP was also recently shown to rescue colonic cells from apoptosis, preserving colonic tissue integrity in a murine DSS colitis model (36) .
SP may mediate inflammatory changes in mesenteric fat depots during the course of colitis. We recently showed that mucosal inflammatory changes in the acute phase of experimental trinitrobenzidine sulfonic acid-induced colitis in mice are coupled with profound inflammatory changes in mesenteric fat. This is associated with increased expression of proinflammatory cytokines as well as the NK-1R (29) . We also found that human mesenteric preadipocytes express a functional NK-1R that is linked to NF-B activation and release of the proinflammatory chemokine, IL-8, upon SP exposure (29) . Together, these results indicate that mesenteric depots may participate in intestinal inflammatory responses via SP-NK-1R-related pathways (29) .
The potential relationship between SP and preadipocyte proliferation as it relates to fat tissue growth has not been reported. In this study, we tested the hypothesis that SP directly enhances proliferation of human mesenteric preadipocytes and investigated mechanisms underlying this response. Our results indicate that SP increases viability, reduces apoptosis, and stimulates proliferation of human mesenteric preadipocytes, possibly through cell cycle upregulation and increases in the efficiency of protein translation.
MATERIALS AND METHODS
Isolation of preadipocytes from human subjects and treatments. Fat tissue was resected during gastric bypass surgery for the management of obesity from subjects who had given informed consent. The study was approved by the Internal Review Board at Boston University. Mesenteric preadipocytes were isolated as previously described by our laboratory (29) . Cells were subcultured five to six times to ensure removal of macrophages. In mesenteric preadipocytes cultured this way, the macrophage marker, F4/80, was essentially undetectable by real-time PCR (50) .
Cell treatments. Cells were grown in ␣-MEM plus 10% FBS until 95% confluence. Cells were washed with sterile PBS before SP treatment, and then the appropriate amount of SP was added for the required time (see RESULTS . The membranes were exposed to X-ray films from 5 s to 10 min. In some experiments, Western blot bands were quantified by densitometry using Scion image analysis software with normalization of the phosphorylated protein to the corresponding band of control signal (GAPDH) from the same samples. Bromodeoxyuridine assay. The bromodeoxyuridine (BrdU) assay incorporates BrdU into newly synthesized DNA strands of actively proliferating cells. After incorporation of BrdU, DNA is partially denatured and BrdU is detected immunochemically. Human mesenteric preadipocytes were cultured as described above to 70 -80% confluence. Cells were first pretreated (40 min at 37°C) with either the Akt inhibitor V (20 M), the PKC-pseudosubstrate inhibitor Myr-LHQRRGAIKQAKVHHVKC-NH2 (10 M), or CJ 012,255 (10 Ϫ6 M), and then exposed to SP (10 Ϫ7 ) for 8 h. BrdU assay was conducted according to manufacturer's instructions (Cell Proliferation Elisa, BrdU; Roche Diagnostics, Indianapolis, IN). Briefly, 10 l/ml BrdU was added to all groups and allowed to incubate at 37°C for 4, 8, 12, or 24 h. At the end of the incubations, medium was removed and the cells were fixed for 30 min at room temperature. Anti-BrdU antibody was then added for 90 min, and cells were washed with washing solution. Substrate solution was added for 30 min, and then H2SO4 was added to complete the reaction. After 5 min, absorbance of the cells was read at 690 nm.
In situ detection of apoptosis in cultured preadipocytes. Human mesenteric preadipocytes were seeded on chamber slides (no. 3544104; BD Falcon, Bedford, MA) until 50% confluence, pretreated with CJ 012,255 (10 Ϫ6 ) for 40 min, and then exposed to Fas ligand (FasL) (1 M) in the presence or absence of SP (10 Ϫ7 ) for 6 h at 37°C. Cells were then fixed in 4% paraformaldehyde for 25 min and then permeabilized with a 0.2% Triton X-100 solution in PBS for 5 min. Slides were processed for TUNEL assay (Promega) as described below.
In situ detection of apoptosis by colorimetric TUNEL assay. Deparaffinized slides were fixed in 4% formaldehyde and treated with proteinase K to permeabilize the tissues. The slides were incubated with labeling reaction mix for 1 h at 37°C according to the manufacturer's instructions (DeadEnd Calorimetric TUNEL System no. G7130, Promega). The reaction was stopped by 2ϫ SSC. Slides were incubated with streptavidin horseradish peroxidase (1:500 dilution in PBS) followed by apoptosis localization with enhanced diaminobenzidine solution included in the TUNEL assay kit. The slides were then observed for apoptosis (brown nuclei) by light microscopy.
Caspase-3 assay. The EnzChek caspase-3 assay kit (Molecular Probes, Eugene, OR) assesses increases in caspase-3 by evaluating the amount of a 7-amino-4-methylcoumarin-derived substrate Z-DEVD-AMC, which yields a bright blue fluorescent product upon proteolytic cleavage. After treatment with FasL for the induction of apoptosis, human mesenteric preadipocytes were harvested and washed with PBS. Cells were then lysed with lysis buffer working solution by subjecting cells to a freeze-thaw cycle. They were centrifuged for 5 min to pellet the cellular debris. A portion (50 l) of supernatant from each sample was transferred to individual microplate wells, and 50 l of substrate working solution was added to each sample and control. Finally, cells were incubated for 30 min, and fluorescence was measured (excitation/emission 342/441).
TNF nuclear index assay. Confluent human mesenteric preadipocytes plated on 96-well plates were pretreated with TNF-␣ (10 or 50 nM) 4 h prior and with SP 40 min prior to treatments. Following pretreatments, all cells were incubated for 24 h at 37°C with 0.8 mM oxalacetic acid. Cells were washed twice with PBS and permeabilized using 100 l 0.1% Saponin (no. S-7900; Sigma, St. Louis, MO;) in PBS for 5-10 min. Cells were then washed twice in PBS, and 100 l Hoechst solution (bisbenzimide 33258; Sigma no. B-2883) (2.5 g/ ml) was added for 5 min in the dark. Cells were washed a final time with PBS, and 10 fields were photographed by fluorescence microscopy. Observers who were not aware of the treatments the cells had received counted apoptotic nuclei in the photographs. Cells were counted as number of apoptotic cells per 100 cells. Apoptotic cell numbers for all 10 slides in each group were averaged.
Statistical analysis. Results were analyzed using the Prism professional statistics software program (GraphPad Software, San Diego, CA). ANOVA and t-tests (for comparisons between two groups) were used for intergroup comparisons. P Ͻ 0.05 was considered significant.
RESULTS

SP increases viability of human mesenteric preadipocytes.
Previous results indicated that SP increases viability in human colonocytes stably transfected with NK-1R (36) . To examine whether SP increases preadipocyte numbers, human mesenteric preadipocytes were exposed to SP (10 Ϫ8 M) for 2, 4, and 8 h, and cell viability was tested by MTS assay. Compared with vehicle-exposed monolayers, SP significantly increased cell viability, indicated by an absorbance reading at 490 nm, after 2 and 4 h of exposure, with the most significant difference seen at 4 h ( Fig. 1 , P Ͻ 0.05 2 h, P Ͻ 0.01 4 h, n ϭ 6).
SP increases preadipocyte proliferation by Akt-and PKC--dependent mechanisms. The MTS assay shown in Fig. 1 does not delineate between proliferative and antiapoptotic mecha- nisms. Therefore, we examined whether SP stimulates proliferation of human preadipocytes using the BrdU assay and studied the mechanism of this response. Time-course analyses have shown the highest effect of SP on human mesenteric preadipocyte proliferation to be at 8 h of treatment (data not shown). Treatment of preadipocytes for 8 h with SP (10 Ϫ7 M) increased proliferation (P Ͻ 0.01, n ϭ 6), and this affect was completely blocked by preincubating preadipocytes with CJ 012,255 for 40 min before SP administration (Fig. 2A) . This suggests that SP increases human preadipocyte proliferation by activating the NK-1R. Previous studies indicated that the PKC protein family and the antiapoptotic molecule Akt are major regulators of proliferative responses in other cell types (7, 15) . Moreover, SP activates both PKC (33) and Akt in other cell types, whereas colitis mouse models that had PKC-knocked out provided the strongest evidence for its importance in such disease states (2) . To test whether PKC and Akt are involved in SP-induced cell proliferation in human preadipocytes, preadipocyte monolayers were preincubated with either a specific PKCpseudosubstrate inhibitor or Akt inhibitor V, followed by SP (10 Ϫ7 M) exposure. As shown in Fig. 2A , SP-induced cell proliferation was fully inhibited by both inhibitors, suggesting that PKC-and Akt are involved in this SP-induced response.
To confirm that SP activates PKC-and Akt in human mesenteric preadipocytes, we assayed the phosphorylated forms of these proteins. SP (10 Ϫ7 M) induced Akt phosphorylation starting at 15 min and beginning to decrease by 30 min (Fig. 2B, P Ͻ 0.05 at 15 and 30 min, n ϭ 3) . SP also induced phosphorylation of PKC-that peaked at 20 min and began to decrease by 60 min. Semiquantification of the bands at 20 min of exposure indicated a statistically significant increase, (P Ͻ 0.05; data not shown). Moreover, CJ 012,255 attenuated SPinduced PKC-phosphorylation (Fig. 2C) , suggesting the NK-1R dependency of this response.
SP phosphorylates integrin ␣V␤3 in human mesenteric preadipocytes. Integrins, a family of receptors that bind to extracellular matrix proteins (27) , have been associated with the Akt pathway in various cell types (10), including adipocytes (24) . Although SP signals through integrin ␣V␤3 phosphorylation in colonocytes (36), a similar role in SP-mediated signaling in preadipocytes has not been examined to our knowledge. Our results demonstrate that SP induces integrin A: SP increases integrin ␣V-␤3 phosphorylation. Serum-starved human mesenteric preadipocytes were exposed to SP (10 Ϫ7 M) or SP ϩ CJ 012,255 (10 Ϫ6 ) for the indicated times. Cells were lysed, and equal amounts of protein were fractionated by SDS/12.5% PAGE to determine the levels of phosphointegrin ␣V␤3 (A), IGF receptor 1
(IGF-1R) (B), phosphatidylinositol 3 (PI3)-kinase (C), and EGF receptor (EGFR) (D).
␣V␤3 phosphorylation in a time-dependent manner. This was evident at 15 min and achieved a peak at 30 min (Fig. 3A , P Ͻ 0.01 after 15 min, n ϭ 4). Blocking NK-1R with CJ 012,255 diminished SP-induced integrin ␣V␤3 activation (Fig. 3A) .
SP activates IGF receptor, EGFR, and PI3-kinase in human mesenteric preadipocytes. Both IGF receptor (IGFR) and EGFR have been associated with proliferative responses in preadipocytes (32, 52) . Recent results also indicate that SP-NK-1R interactions transactivate the EGFR (35) . However, to our knowledge there are no studies indicating interaction between SP and the IGFR in any cell type. We exposed human mesenteric preadipocytes to SP (10 Ϫ7 M) and assayed EGFR and IGFR phosphorylation using specific antibodies. SP induced EGFR phosphorylation within 15 min, peaking at 15 min and decreasing by 60 min (Fig. 3D) . Interestingly, SP (10 Ϫ7 M) induced IGFR phosphorylation that peaked at 30 min and remained evident after 60 min (Fig. 3B , P Ͻ 0.01 after 15 min, n ϭ 3). Use of an antibody against the nonphosphorylated forms of these receptors showed that their levels did not change after SP treatment (data not shown, P Ն 0.05). IGF-1R is known to elicit antiapoptotic responses involving the activation of PI3-kinase. Consequently, we also assayed PI3-kinase phos- Fig. 4 . SP has an antiapoptotic effect in human mesenteric preadipocytes. A: serum-starved human mesenteric preadipocytes were pretreated with CJ 012,255 or DMSO (vehicle) for 30 min and then exposed to Fas ligand (FasL) (10 Ϫ4 M) or TFA (vehicle) for 6 h in the absence or presence of SP (10 Ϫ7 M) on chamber slides. Cell apoptosis (presented as condensed blue nuclei) was then measured by TUNEL assay. Arrows indicate either TUNEL-positive or TUNEL-negative cells. B: quantification of these data showed a significant antiapoptotic effect of SP. C and D: SP may contribute to reduced Fas ligand (FasL)-induced apoptosis via downregulation of cleaved caspase-7 and cleaved poly (ADP-ribose) polymerase (C-PARP). Serum-starved human mesenteric preadipocytes were exposed to FasL (10 Ϫ4 M) for 6 h, with or without SP (10 Ϫ7 M). Cells were lysed, and equal amounts of protein were fractionated by SDS/12.5% PAGE to determine the levels of cleaved PARP (C) and cleaved caspase-7 (D). E: SP increases caspase-3 activity in human mesenteric preadipocytes. Serum-starved human mesenteric preadipocytes were pretreated with the NK-1R antagonist CJ 012,255 for 30 min and then exposed to FasL (10 Ϫ4 M) for 6 h, with or without SP (10 Ϫ7 M). Cells were lysed, and 50 l of substrate working solution was added to all samples. Fluorescence of cells was then measured (excitation/emission 342/441). *P Ͻ 0.05; **P Ͻ 0.01; ****P Ͻ 0.001; ***P Ͻ 0.01; all relative to FasL alone. ϩϩP Ͻ 0.01 relative to control. phorylation using a specific antibody. SP (10 Ϫ7 M) induced PI3-kinase phosphorylation [the p55 (Tyr199), P Ͻ 0.001] that was evident at 5 min after treatment (Fig. 3C) .
SP rescues human mesenteric preadipocytes from FasLinduced apoptosis. After we established the effects of SP on human mesenteric preadipocyte proliferation, we sought to determine whether SP also protects these cells from apoptosis. We exposed human mesenteric preadipocytes to FasL (100 M), a potent inducer of apoptosis in adipocytes (51), for 0, 6, 12, and 24 h in the presence or absence of SP and assayed DNA fragmentation by TUNEL assay. Nontreated cells were also used as controls. As expected, FasL increased the number of TUNEL-positive cells at 6 h, compared with untreated controls (11.5% control vs. 60.1% FasL vs. 17.4% FasL ϩ SP vs. 49.6% FasL ϩ SP ϩ CJ 012,255, P Ͻ 0.001; Fig. 4B ), whereas SP treatment reversed FasL-induced effects on apoptosis (Fig. 4A) . As shown in the same figure, the effects of SP on FasL-induced apoptosis were abolished in the presence of the NK-1R antagonist, CJ 012,255 (Fig. 4A) . Addition of CJ 012,255 alone had no significant apoptotic effect, whereas addition of CJ 012,255 in Fas-exposed cells did not alter Fas-induced apoptosis (data not shown).
To investigate the antiapoptotic effects of SP further, we exposed human mesenteric preadipocytes to FasL for 6 h in the presence or absence of SP and determined expression of cleaved PARP and cleaved caspase-7 by Western blot analysis and caspase-3 activity by a fluorescence assay. As expected, FasL increased expression of cleaved PARP (Fig. 4C , P Ͻ 0.01, n ϭ 3) and cleaved caspase-7 ( Fig. 4D, P Ͻ 0.01, n ϭ 3) . This effect was almost completely abolished by coincubation of FasL with SP (P Ͻ 0.05 for both PARP and caspase-7). We also found that FasL increased caspase-3 expression, which was completely abolished by the presence of SP in the incubation medium (Fig. 4E , P Ͻ 0.01, n ϭ 6). These results further support the notion that SP has an important antiapoptotic effect in human mesenteric preadipocytes.
SP rescues human mesenteric preadipocytes from TNF-␣-mediated apoptosis. Because TNF-␣ is known to cause apoptosis in preadipocytes (45), we sought to determine whether SP protects human mesenteric preadipocytes from TNF-␣-induced apoptosis using the TNF-␣ nuclear index assay. A small percent (10.8%) of medium-exposed preadipocytes (control) were apoptotic, and this number was increased upon TNF-␣ exposure (18.8%, P Ͻ 0.05). In contrast, coadministration of SP (10 Ϫ7 M) with TNF-␣ decreased the number of apoptotic cells to control levels (12.7%, P Ͻ 0.05 vs. TNF-␣ alone).
SP promotes cell cycle entry through promotion of protein synthesis. Progression through the cell cycle requires increased protein synthesis. Human eukaryotic translation initiation factor 4E (EIF4E) is an important modulator of cell growth and proliferation. Unphosphorylated 4E-BP binds to EIF4E and inhibits adipocyte proliferation and initiation of translation (41) . Treatment of human mesenteric preadipocytes with SP leads to 4E-BP1 phosphorylation 20 to 30 min posttreatment ( Fig. 5A , P Ͻ 0.05 after 20 min and P Ͻ 0.01 at 60 min, n ϭ 3), potentially increasing the amount of free EIF4E available for the promotion of protein translation. Phosphorylated-p70 S6 kinase increases the translational efficiency of adipocytes entering the cell cycle via phosphorylation of the S6 40S ribosomal subunit (47) . We found that SP treatment increased p70 S6 kinase phosphorylation in human mesenteric preadipocytes, with a peak at 10 min (Fig. 5B , P Ͻ 0.05 at 10 and 15 min, n ϭ 4).
DISCUSSION
We recently reported that human mesenteric preadipocytes express NK-1R and that binding of SP to this receptor signals proinflammatory, NF-B-dependent gene expression (29) . Here we show that SP increases viability, reduces apoptosis, and stimulates proliferation of human mesenteric preadipocytes. Our results also indicate that SP-induced cell proliferation might be accomplished through cell cycle promotion and an increase in the efficiency of protein translation. Together, these results identify SP as a potential regulator of mesenteric fat depot hyperplasia.
SP treatment of human mesenteric preadipocytes led to PKC-activation. Inhibition of this signaling molecule resulted in reduced proliferation in response to SP in an NK-1R-dependent fashion (Fig. 2A) . Previous results indicate that SP activates NF-B via PKC-activation (33) , whereas studies with PKC--deficient mice indicate that PKC-is important in the development of experimental colitis (2) . Although the role of PKC-in adipocyte proliferation has not been documented, a relationship between PKC-and AKT/PKB isotypes in proliferation and survival of other cell types is clearly established (3). Additionally, inhibition of PKC activity inhibits G1/S progression and reduces cyclin E protein levels (23) . Our results demonstrate that SP activates p70 S6 kinase and 4E-BP1 (Fig. 5, A and B) , indicating increased translational efficiency, a process that is required for cell cycle progression. Interestingly both p70 S6 kinase and 4E-BP1 have been implicated in insulin signaling and adipogenesis in mouse 3T3-L1 preadipocytes (17) .
Akt is a transcription factor involved in controlling the balance between cell survival and apoptosis (18, 19) . We have recently shown that SP activates Akt and rescues colonic Fig. 5 . SP increases the expression of molecules that are involved in cell cycle progression. SP increases the efficiency of protein translation. Serum-starved human mesenteric preadipocytes were exposed to SP (10 Ϫ7 M) or SP ϩ CJ 012,255 for the indicated times. Cells were lysed, and equal amounts of protein were fractionated by SDS/12.5% PAGE to determine levels of phospho-4E binding protein 1 (4E-BP1) (A), phospho-p70 S6 kinase (B), and GAPDH.
epithelial cells from FasL-induced apoptosis (36) . Consistent with these observations, we show here that stimulation of human mesenteric preadipocytes with SP resulted in Akt activation ( Fig. 2A) , whereas Akt inhibition significantly decreased the effects of SP on human mesenteric preadipocyte proliferation ( Fig. 2A) .
We have previously reported that binding of SP to NK-1R in colonic epithelial cells transactivates the EGFR, via release of metalloproteinases (35) . EGF also stimulates replication of primary human preadipocytes (32) , potentially via inhibition of adipocyte differentiation (4). Our results show that EGFR is phosphorylated by SP in mesenteric WAT (Fig. 3C) , implicating it as a potential regulator of mesenteric hypertrophy.
The importance of IGF-1R signaling in adipocyte proliferation has been well documented (28, 40, 52) . We found that SP exposure of human preadipocytes leads to IGF-1R activation (Fig. 3B) . SP and IGF-1 act synergistically to facilitate corneal epithelial wound healing in vitro and in vivo, potentially by inducing DNA synthesis, cellular proliferation, and entry into the cell cycle (37) . Of note, IGF-1R is remarkably efficacious in protecting cells from apoptosis via the intrinsic cell death pathway, which involves activation of PI3-kinase and Akt/ protein kinase B (42) . In concert with this, we show here that SP activates PI3-kinase, consistent with our prior observation in human colonocytes (36) . This is the first account, to our knowledge, for a SP-IGF-1R communication that might be involved in human mesenteric preadipocyte proliferation. Along these lines we also show that SP treatment phosphorylates integrin ␣V␤3 (Fig. 3A) , a cell surface receptor that signals cell growth, division, survival, differentiation, apoptosis, and wound repair (10). Koon et al. (36) also reported that integrin ␣V␤3 activation mediates SP-associated proliferative and antiapoptotic responses in NCM460 colonocytes.
Adipocyte apoptosis has been shown to involve the FasLmediated death receptor pathway (43) . Although the effects of SP on apoptosis in intestinal inflammation at the colonic epithelial cell level have been previously reported (39), we are not aware of studies evaluating the potential SP-induced effects on adipocyte apoptosis. We demonstrate that SP rescues FasLinduced preadipocyte apoptosis, potentially via PARP and caspase-7 cleavage (Fig. 4, A-C) and by reducing caspase-3 activity (Fig. 4D) . Our observation that SP diminishes TNF-␣-induced apoptosis in preadipocytes might be of clinical importance. TNF-␣ is a major proapoptotic stimulus in adipocytes (45) , and its expression is increased in mesenteric fat of patients with Crohn's disease (16) . Thus diminished TNF-␣-induced apoptosis in preadipocytes in response to SP might be involved in the pathophysiology of mesenteric hypertrophy seen in Crohn's disease.
Although the changes in SP-induced viability and survival in our study were over 50%, the difference in proliferation in response to SP was relatively small (ϳ20 -30%) although statistically significant. However, the cumulative effect of changes in both apoptosis and proliferation would be anticipated to translate into large changes in a chronic inflammatory condition such as Crohn's disease over the long term.
It is known that NK-1R is the main receptor through which SP exerts its biological actions. However, numerous studies have demonstrated that SP can also signal through interactions with the other two neurokinin receptors, namely NK-2R and NK-3R (48, 49) . Such interactions may also explain the inability of CJ 012,255 to inhibit SP action in some of our experiments (e.g., inhibition of caspase and PARP activation, Akt activation).
As increased adipose tissue increases the risk for many chronic inflammatory conditions, it is important to better understand the mechanisms involved in increases in fat mass. The results of this study, in conjunction with the apparent proinflammatory effects of SP in experimental colitis in mesenteric WAT (29) , prompt the speculation that SP-induced proliferative and antiapoptotic pathways in fat depots may contribute to the creeping fat phenotype and the inflammation characteristic of CD.
Importantly, as the results of this study point out, SP antagonists, or antagonists of the signaling pathways activated by this peptide may also prove beneficial at the adipocyte level. As such, modulators of mesenteric adipose tissue function might be of potential therapeutic benefit, especially for diseases with an inflammatory component. It should be noted that, to date, there is no evidence for expression of SP in human fat depots. However, our results indicating a high level of expression of functional SP, NK-1R in human preadipocytes in this and our previous study (29) indicate the likely presence of SP in human fat depots. Additionally, our findings suggest that SP may be a hitherto unappreciated means through which the nervous system regulates fat mass, inflammation, and possibly insulin responsiveness. However, additional studies are required to elucidate the importance of SP in inflammatory bowel disease-associated increases of visceral fat mass in vivo. This is challenging at the moment because of the central role of SP signaling in the generation of intestinal inflammation in the animal models tested to date. More extensive investigation in the potential mechanisms of such actions is also required for the identification of molecules that may participate in these processes along with SP.
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